The relationship between foraging shorebirds, macrobenthos and sedimentary parameters has been widely studied across Western Europe. Megatidal areas have large zones uncovered when the water retreats. Consequently, in such cases, the tide also influences foraging activities. This paper examines the use of an intertidal space by waders to define how macrobenthic resource concentrates foraging activity of birds in a large megatidal sandflat. This approach combines accurate spatial distribution of waders (Oystercatcher, Eurasian curlew, Bar-tailed Godwit and Redknot) according to their activity with ecological/biological parameters. A differential exploitation of the flat is clearly shown, with macrobenthic biomass appearing as one of the main explanatory factor for the four species considered on the western part of the bay and altitude (shore elevation) in the eastern part. The novelty of this study relates to the large area, also presumed to be a functional unit, while considering at the same time the singularities of the different parts of the flat. This multi-scale approach identifies important factors influencing the differential distribution patterns observed. The different selected parameters present an important variability in their contribution, underlining the complexity of explaining the distribution of foraging birds. Consequently, the study of such complex phenomena needs to consider additional variables to improve the relevance of explanatory models.
Introduction
The macrobenthos is an essential element for the functioning of estuarine and intertidal ecosystems. Many authors have highlighted the predominant function of this compartment in benthic and pelagic waders use space in terms of intensity is not only a function of the time during which the areas are 48 available, but also of the bird behaviour in relation to the advancing and receding tide (Granadeiro et 49 al., 2006) . Trophic competitive exclusion may be avoided because species move from point to point 50 without fully exploiting the available food reserves (Recher, 1966) . Folmer and Piersma (2012) 
51
showed that the spatial distribution of foraging waders also depends on the endogenous social variable 52 of aggregation made up of the opposing mechanisms of conspecific attraction and repulsion. The 53 shorebird tendency to aggregate causes suitable habitat to remain unoccupied (Folmer et al., 2010; 54 Folmer and Piersma, 2012). Tidal cycles which cause cyclic spatial and temporal variability in their 55 feeding grounds, strongly constrain the foraging activity of estuarine species, and particularly of 56 waders (Fleischer, 1983; van de Kam et al., 2004; van Gils et al., 2005; Granadeiro et al., 2006; van 57 Gils et al., 2006) . The presence of feeding waders in areas covered by a thin layer of surface water 58 (Palomo et al., 2003) or where the sediment is wet (Kelsey and Hassall, 1989) , is frequently attributed 59 to a higher level of prey activity in such areas (Pienkowski, 1983) . These conclusions were confirmed 60 by Rosa et al. (2007) which showed that sediment drainage and associated prey rhythms greatly 61 influenced wader foraging patterns on sediment flats. In a study carried out at a small spatial scale in 62 the Tagus estuary, Granadeiro et al. (2007) concluded that factors mostly affecting the shorebird's 63 distribution are the exposure period, the sediment type and the shell bank's extent. Unfortunately, most 64 of these papers examined the distribution of birds feeding in estuaries or bays only in relation to 65 environmental factors (Bryant, 1979; Symonds et al., 1984; Goss-Custard and Yates, 1992; Yates et al., 66 1993; Moreira, 1993; Scheiffarth et al., 1996; Granadeiro et al., 2004 Granadeiro et al., , 2007 Rosa et al., 2007) , without 67 considering the macrobenthic fauna. Preferably, such studies should be based on data collected over a 68 M A N U S C R I P T
A C C E P T E D
ACCEPTED MANUSCRIPT large fraction of the flats but resource and logistic constraints often force researchers to reduce 69 sampling (e.g. by concentrating the sampling effort near the coast line). Consequently, important 70 factors influencing shorebird broad-scale distribution patterns can be overlooked (Granadeiro et al., 71 2007).
72
In this study, we examine, inside a presumed functional unit, how waders use intertidal space. The 73 goal is to define how macrobenthic resources influence birds foraging activity in a large megatidal 74 sandflat. This approach is based on the combination of accurate spatial distribution of waders 75 depending on their activity and ecological/biological parameters. 
Distribution of macrobenthic resources and sediment analysis

95
The macrofaunal distribution was assessed during a survey conducted in October 2010 (Figure 1 ). At 96 this date, 131 stations (located inside and outside of the reserve) covering 2900 ha of intertidal area 97 were sampled according to a regular sampling network (see Godet et al., 2009a) . At each station, three 98 25 cm deep sediment samples were collected for macrobenthic analysis, using a 17.6 cm² cylindrical 99 handcorer. The content of the cores were gently sieved on site using a 1-mm square mesh sieve. The 100 retained material was preserved for analysis in 5% buffered formaldehyde with added rose Bengal. A 101 visual description of the sediment type was recorded. The macrofauna were identified to the highest 102 possible taxonomic separation (usually species) and counted. The energetic value (biomass) of each M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT taxon was determined as g of AFDW per 0.1 m² (loss of weight of dry organisms after 6 h at 520°C).
104
Two samples of sediment (surface of 3.2 cm², depth of 5 cm) were collected from additional cores and 105 subsequently analysed for grain size distribution and organic matter content. Sediment samples were 106 cleaned with water and left to settle for 48 h. Sediments were then dried at 70°C for 24 h and sieved 107 through AFNOR standard sieves, and weighed. The dried samples were combusted at 540°C for 4 h in 108 order to determine the organic content (Hedges and Stern, 1984 ; Salonen, 1979) . Additionally, the 109 sediment shear stress resistance was measured with a scissometer at a depth of 10 cm as a proxy for 110 cohesion (Grabowski et al., 2011) . All replicates were collected at a maximal distance of 2 m from 111 each station, using GPS position-fixing (GPS Etrex Garmin). Uhler's (r2CU) Pseudo-R² were calculated with the R package 'pscl' (see Jackman, 2015) . We used a 159 logistic regression modeling approach to evaluate the spatial exploitation modalities of the different 160 wader species (McCullagh and Nelder, 1989) . McFadden (r2MF) Pseudo-R² coefficient was calculated 161 with the R package 'pscl' (Jackman, 2015) . 
Results
163
Sediment distribution
164
A significant effect of the altitude (shore elevation) on several sedimentary parameters was 165 demonstrated using linear regression models, but the low R² value reflects a high level of variation.
166
The mean grain size (F (1, 127) 
Relation between waders and environmental and biological parameters 187
The factors most explaining the Oystercatcher presence are the altitude (shore elevation) (p<0.05), the 188 organic matter content (p<0.01), the macrobenthos total biomass (p<0.001) and the benthic macrofau- Table 3 ).
202
The factors most explaining the presence of the eurasian Curlew are the altitude (shore elevation)
203
(p<0.01), the sediment organic matter content (p<0.05) and the macrobenthos total biomass (p<0.001) Table 4 ). 
Co-exploitation of the flat by waders
219
The sandflat is not evenly used by the different wader species. Results of the logistic regression (Null The explained deviance resulting from our global analysis ranged from 35% to 59%, which allowed us 
Bar-tailed Godwit
282
The Bar-tailed Godwit distribution is explained by total biomass, total biomass excluding bivalves and 283 small C. edule (<10 mm) biomass and, in a lesser extent, to sediment water content and mean grain 284 size. As a direct consequence of the sediment drainage, the largest groups of foraging Bar-tailed
285
Godwit were found on the lowest parts of the sandflat, in opposition with other wader species ( Figure   286 2).
287
Discussions prevail in the literature on the existence of a tide following behavior in this species (Smith 288 and Evans, 1973; Zwarts, 1988; Turpie, 1994; Tiedemann and Nehls, 1997; Both et al., 2003; Dias, 289 2008; Rosa et al., 2007; Catry et al., 2012; Duijns et al., 2014) . Such behavior could however vary 
292
In Morieux bay, various human activities, including the presence of mussel bouchots and associated 293 circulation, could lead the birds (notably Bar-tailed Godwit) to avoid an exploitable foraging ground,
294
as suggested by Taylor and Bester (1999) .
295
Redknot
296
The Redknot patchy distribution is mainly explained by total biomass, altitude (shore elevation), regime. This species is known to be sensitive to human activities as reported by Spaans et al. (1996) , 313 such as mussel culture which seems to be a disturbing activity (Figure 2 ).
314
Specific exploitation of the flat
315
The presence on the same foraging ground (simultaneously or not) of the eurasian Curlew and of the and other wader species probably due to the tide following behavior of this species.
320
The unequal use of the flat by the four considered wader species confirms the conclusions of 
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